In 2013, China launched the Belt and Road (B&R) Initiative in an effort to promote trade and economic collaboration. This study examined the change in life expectancy (LE) among countries along B&R and studied the impact of economic development on LE. Data from 65 B&R countries from 2000 to 2014 were compiled and analyzed. Trend of LE was examined by sex and country. Linear quantile mixed model was used to study the associations between LE and economic factors. In 2014, the average LE in all B&R countries was 69.7 years for men and 73.7 years for women. Across countries in 2014, LE for men ranged from 58.6 years in Afghanistan to 80.2 years in Israel. LE for women ranged from 61.3 years in Afghanistan to 85.9 in Singapore. GDP per capita was positively associated with longevity across B&R countries. The unemployment rate was positively associated with LE only for countries in the top LE quantiles. GDP growth rate and Inflation were negatively associated with LE for the countries in the bottom LE quantiles for men, not for women. LE increased substantially among B&R countries during 2000-2014. The influence of macroeconomic factors on LE was related to the distribution of LE.
Introduction
Life expectancy (LE) is a common health indicator worldwide and serves as an important measure in public health. It reflects the quality of social life and allows inequality levels and trends to be compared within and across societies [1] [2] [3] . The trend in the LE in humans during the past thousand years has been characterized by a slow, steady increase, despite regional and major global health crises [4, 5] .
A few studies have shown that national income and other socioeconomic factors play an important role on LE based on a global scale [6] [7] [8] [9] [10] [11] [12] [13] . In addition, countries with lower socioeconomic status may have higher death rates, but the magnitude of inequality between groups of higher and lower socioeconomic status are much larger in some countries than in others [14] .
In 2013, China launched the Belt and Road (B&R) Initiative to promote trade, infrastructure, and commercial associations across countries in Asia, Africa, and Europe [15, 16] . What the trend is in LE and how economic change affects the health conditions in B&R countries is inconclusive. Most countries included in the B&R Initiative are developing countries, in which LE is more likely to be affected by socioeconomic status, with their socioeconomic status lying between the highest and lowest in the world [14] . In addition, with the advance of the B&R Initiative, the entire economic situation in this region will change accordingly. Thus, to inform planning for health and social services and pensions, assessing the LE and how this economic change affects the health conditions especially LE and which aspects of socioeconomic determinants play a significant impact on LE are of importance.
Although previous studies have provided valuable relationships between socioeconomic factors and LE, their results do not give a full picture of the relationship between explanatory and outcome variables [6] [7] [8] [9] [10] [11] [12] [13] . There is almost non-existent literature that uses quantile regression to estimate the association between LE and socioeconomic factors. Those studies only describe the conditional mean of an outcome without describing the scale of its distribution and the classification also lead to a loss of information. The linear quantile mixed models we employed in this paper provide a complete image of the effects of covariates on LE by estimating the family of conditional quantile function, making linear quantile mixed models a natural choice for this analysis due to their robustness and lack of distribution hypothesis [17] .
Our study therefore aims to (1) document the change of LE among the countries along the B&R, and (2) assess the impact of economic factors on different quantiles of LE. We hypothesized that LE would correlate with the macroeconomic factors such as the gross domestic product (GDP) per capita, growth rate, inflation and unemployment rate, all of which have significant impacts on the daily life of the population.
Materials and Methods

Data Sources
Data on 65 B&R countries were collected from the World Bank database and World Health Organization database [18, 19] .
LE indicated the number of years a newborn infant would live if the prevailing patterns of mortality at the time of birth were to stay. LE in some years did not follow a normal distribution (Table  S1 ) and skewness ( Figure S1 ) in B&R countries. Total LE of B&R countries and total LE in the same year was weighted by the population size. Inflation, unemployment rate, GDP growth rate and GDP per capita were selected as economic factors, which are aspects of the economic situation that have a direct impact on the everyday life of the population and especially of vulnerable groups [20] . (1) GDP was the sum of gross value added by all resident producers in the economy, plus any product taxes, and minus any subsidies not included in the value of the products. It was calculated without making deductions for depreciation of fabricated assets, or for depletion and degradation of natural resources. (2) Inflation was measured by the annual growth rate of the GDP implicit deflator and showed the rate of price change in the economy as a whole. (3) Unemployment rate was defined as the share of the labor force that was without work, but available for and seeking employment. (4) GDP growth rate was defined as annual percentage growth rate of GDP at market prices based on constant local currency. Aggregates were based on 2010 U.S. dollars, calculated without making deductions for depreciation of fabricated assets, or for depletion and degradation of natural resources. To show the secular trend in life expectancy, we chose the years from 2000 to 2014 for comparison, which is the longest year difference, and this time frame provided a sufficient volume of data for statistical analysis described below.
Statistical Analysis
We examined the trends of LE in the B&R countries from 2000 to 2014 by sex and country. LE in the same year was obtained by population weighting. A linear quantile mixed model was used to allow for differential trajectories of LE across countries [17, 21] . Nine quantiles of LE were selected (from 10th to 90th in increments of 10) from the lowest to the highest LE in the B&R countries. A random effect model was used to provide a basis for comparison with the linear quantile mixed model. The 95% confidence intervals were obtained using 1,000 bootstrap replications.
The dependent variable was LE. Using country as a categorical variable, and the economic variables as continuous predictors. GDP per capita was divided by 1000 to facilitate result interpretation. Countries with more than a year of missing data (i.e., Afghanistan, Syria, Qatar, Montenegro, Maldives, Iraq, Palestine) were excluded from the regression analysis.
Linear quantile mixed models provide a well-suited modeling framework for uncovering trends in multivariate data. Their main advantage over simple regression models is that they extend regression for modeling the mean to analyzing the entire conditional distribution of the outcome variable [17] . In addition, quantile regression does not require any assumptions about the distribution of the regression residuals and, unlike ordinary linear regression, is not influenced by outliers or skewness in the distribution of the dependent variable, providing greater statistical efficiency when outliers are present [22] . Therefore, location, scale and shape of the distribution can be examined through the analysis of conditional quantile models to provide a complete picture of the distributional effects.
All statistical analyses were performed using R 3.3.2. (R Foundation for Statistical Computing, Vienna, Austria). The linear quantile mixed model was developed using the package 'lqmm', and the random effect model using the package 'plm'. Two-tailed p-value < 0.05 was considered statistically significant.
Results
Change of LE in the B&R Countries from 2000 to 2014
The average LE in the B&R countries increased from 2000 to 2014. In 2014, the LE in all the B&R countries was 69.7 years for men and 73.7 years for women, compared to 65.7 years and 69.6 years for men and women, respectively, in 2000. LE had risen by 4.0 years for men and 4.1 years for women from 2000 to 2014 (Table 1) .
Across countries, LE for men ranged from 58.6 years in Afghanistan to 80.2 in Israel in 2014. LE for women ranged from 61.3 years in Afghanistan to 85.9 in Singapore in 2014. LE for men in 2014 was below 65 years for 9 countries compared with only Afghanistan for women's LE. 12 countries had LE for women in 2014 of at least 80 years, but only Israel had LE for men of 80 years or higher (Table 2) .
Changes in LE for men between 2000 and 2014 ranged from a decrease of 10.6 years in Syria, to an increase of 10.8 years in Cambodia. After Syria, the other decrease was in Iraq, which was 2.9 years. Changes in LE for women between 2000 and 2014 ranged from a decrease of 5.2 years in Syria to an increase of 10.3 years in Cambodia. LE for men increased by 5 years or more in 16 countries, compared with 14 countries for women LE ( Table 2) . Total life expectancy in the same year was weighted by the population size. 
Associations between LE and Macroeconomic Factors
The results of the quantile regression analyses suggested that the associations between LE and economic factors were inconsistent across quantiles (Table 3 ). Figure 1 shows the quantile regression coefficients (solid line) with their 95% CI for the association between LE and four economic factors by gender.
The random effect model showed that, on average, GDP per capita had a positive effect on LE for both men and women. However, the random effect model did not give a complete picture of the association between the LE and GDP per capita. When we used the linear quantile mixed model, GDP per capita was positively associated with LE at all percentiles of LE distribution. All these regression coefficients showed a slightly increasing trend (from low to high quantiles of LE distribution), while the positive association between LE and GDP per capita was stronger in higher quantiles of LE distribution (e.g., 10th percentile estimate of women = 0.23, 95% CI: 0.13-0.33, 90th percentile estimate of women = 0.32, 95% CI: 0.19-0.45) (Figure 1a) .
For unemployment rate, random effect model showed that there was no significant association between unemployment rate and LE for both men and women. Nevertheless, there was statistical significance analyzed by the linear quantile mixed model. Unemployment rate was positively associated with men's and women's LE for part of the quantiles (e.g., quantile ≥ 40th), with an increasing trend (Figure 1b) .
The linear quantile mixed model showed that GDP growth rate was negatively associated with LE for men only for part of quantiles (≤40th) and showed a clear increasing trend (Figure 1c ). Similar to GDP growth rate, inflation presented negative association with LE for men only for low quantiles (quantile ≤ 40th) with an increasing tendency (Figure 1d ). While the linear quantile mixed model suggested no association of GDP growth rate and inflation on LE for women, the estimates from the random effect model suggested a negative association between them (Table 3) . 1 Linear quantile mixed model, the dependent variables were nine percentiles (10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, 90th) of the distribution of life expectancy for women and men. Country was used as a classification prediction and the economic variables (inflation, unemployment rate, GDP per capita, annual percentage growth rate of GDP) as continuous predictors. 2 Random effect model, the dependent variable was life expectancy for women and men. Country was used as a classification prediction and the economic variables as continuous predictors. 3 The coefficient represents the change in the value at the nth percentile of life expectancy unit change in the independent variable. For interactions, the coefficient was the difference in the change in the value of life expectancy at the nth percentile compared to the main relative to the change when the interacting variable was at its reference level. 4 Linear quantile mixed model's confidence intervals (CI) were obtained using 1000 bootstrap replications. 
Discussion
This study examined LE and its related influencing economic factors among the B&R countries from 2000 to 2014. LE was increasing in B&R countries, but the magnitude of increase varied across the B&R countries. The influence of economic factors (i.e., inflation, unemployment rate, GDP per capita, and annual percentage growth rate of GDP) on LE is related to the distribution of LE.
Gains in LE during 2000-2014 may be partly due to public health and health-care successes in these countries. Women in Singapore had the highest LE. With the effort to create a system of affordable health care for all Singaporeans, promoting aged health, controlling the main killer diseases, concentrating on children's health, and managing mental health, today, Singapore is becoming a country with one of the highest LEs in the world [23] . Singapore also ranked among countries with the best health outcomes [24] . Overall, LE has risen in 63 of 65 countries. The two exceptions are Iraq and Syria, where the prolonged war in the first decade of the 21st century has erased years of LE at the population level [25, 26] , and up to 2014, the decline in LE had not been reversed. The failure to make substantial progress in increasing LE over the last 15 years should serve as a wake-up call to these countries.
Country-level determinants of LE have been extensively studied. Among these, national income was certainly the most widely acknowledged [13, 14, 27, 28] . Our findings, consistent with previous studies, indicate that LE was positively associated with GDP per capita among both men and women. As the economy grows, there are more resources to improve nutrition, access medical care, and provide other conditions that contribute to the improvement of health and well-being. Furthermore, improvements in GDP per capita had different impact on the B&R countries, as the countries with higher LE were more affected by changes in GDP per capita. Our analyses of the B&R countries showed that higher income is associated with greater longevity throughout the income distribution [13] . However, this finding should be interpreted with caution, because some countries with a long life expectancy were economically underdeveloped, such as Costa Rica and Okinawa [29, 30] . Interestingly, it seemed that there was a threshold in promoting LE by GDP per capita; even though increased GDP per capita can promote LE, beyond this threshold, LE will increase more.
Unemployment was an important social determinant of health and was strongly correlated with health outcomes [13] . Findings from this study indicated that there was a positive association between LE and unemployment in countries with higher LE in both men and women. The same conclusion had appeared in Europe, which can be partially explained by the "healthier immigrant effect" [31] . This effect refers to the self-selection process in which immigrants were healthier than native population [31] . Most countries with higher LE along B&R were located in the Eastern Europe region, which belong to middle-and high-income regions. As unemployment rates increased, middle-and high-income regions may have received immigrants from less developed countries [31] . Even though we identified a positive association between LE and unemployment rate, except for the "healthier immigrant effect", reducing the unemployment rate may be an appropriate strategy to increase LE [32] . An inverse relationship between LE and unemployment has been consistently documented [31, 33, 34] . Compared to those in low-unemployment areas, people in higher-unemployment areas have higher prevalence of self-assessed fair/poor health, psychological distress, disability, functional limitation, and chronic conditions that impact on LE [34, 35] . Effective policy strategies to reduce the health consequences of unemployment may include integration of employment and skill services, investment in job training and skills development, raising the minimum wage [34] .
Our study indicated that men in countries with lower LE were more likely to be negatively affected by GDP growth rates, and with the increase of LE, the effect gradually decreased and finally disappeared. This negative association occurred in some industrialized countries many years ago [36] , but for countries with lower LE along the B&R, this association may just be beginning, and was only evident in men. The countries with lower LE along B&R are developing countries, which have limited health care resources. Making the best use of resources is vital in these countries, which are struggling to improve public health with limited funds. Although, in our study, economic growth may have harmful effects on LE, higher mortality during temporary expansions may not imply negative effects of permanent economic growth. In the long term, economic growth contributes to better health [37] . On the premise of economic growth, advocating for healthy lifestyle and better workplace environment, especially for men in countries with lower LE, may be an effective way to promote health and increase LE.
A previous study reported that inflation seemed to have a significant negative impact on gains in longevity many years ago in Sweden [36] , but now, this association is occurring for countries with lower LE along the B&R in men. On the one hand, people's expenditures are increased by any growth in inflation, which in turn leads to a reduction of the share of various sectors, such as hygiene and medicine. This reduction means less medical care and harms the health. On the other hand, the psychological effects of inflation have a destructive influence on the people, as well as a negative impact on their behavior and morality. Though increasing the inflation rate seems harmful to men in our study, it does not mean that the lowest inflation rate is good for health. Pursuing lower inflation may interfere with other economic targets, including reduction of unemployment or avoiding drops in GDP [38] , which impact LE. From a public health perspective, reducing the inflation rate to an appropriate level seems a better method to maintain population health, particularly in countries with lower LE. Our study had several strengths. The primary strength of the present study is that it is the first to examine LE among the B&R countries as a whole, and the first study to report the impact of socioeconomic factors on LE among the B&R countries. Importantly, our study used linear quantile mixed models, a semi-parametric robust regression technique that allows the LE to be treated continuously. It has several advantages that apply directly to the analysis of our data set. Firstly, the research is based on quantiles, rather than on the means of LE. Our study interest was the complete distribution of LE. Inference based on mean LE alone would not be as informative as inference based on multiple quantiles throughout the distribution. Secondly, quantile regression has statistical efficiency and robustness to outliers. Outlying and large values have an important effect on the mean, and therefore have an impact on linear regression estimates. However, quantile regression is robust to them. Thirdly, quantile regression does not make any request of the distribution of the regression residuals, and is not influenced by outliers or skewness in the distribution of the dependent variable, providing greater statistical efficiency when outliers are present [39] .
Findings were inconsistent between linear quantile mixed models and random effect models. This was because the random effect model focuses on the conditional distribution of the outcome only through its mean. Some of our findings suggested that the distribution of LE for women was not normal and was quite skewed; thus, focusing on average LE may not be suitable. The violation of the normality assumption could explain some of the inconsistencies between the two approaches.
This study has several limitations. First, we used an ecological design that does not allow us to interpret the result at the individual level. Second, the data was collected from national statistical agencies, and there may be differences in data quality among countries, which could lead to potential bias in estimating LE. Third, the study data timeframe we focused on was relatively short, only from 2000 to 2014. If more data could be collected over a longer term, better understanding of the changing trends of LE and the correlation between LE and economic variables could be achieved.
Conclusions
In summary, this study described the changes in LE and assessed the associations between LE and macroeconomic factors in 65 the B&R countries. It showed that the influence of economic factors on LE was related to the distribution of LE. LE in higher LE countries were more vulnerable to unemployment rate for both men and women. GDP per capita was positively associated with greater longevity throughout the LE distribution. LE for men in lower LE countries was more vulnerable to inflation and GDP growth rate. Although the relationship between macroeconomic factors and LE seems complex, economic development will benefit public health in the long run. 
